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MPIRICAL AND RATICHAL AP:HIACIES

LR ROAIEOUS TEST
INTRCLUCTION
Purpege
aie srrege of Uidls gtudy is to cempare two apprcached of xeylnge o

nventory., Une approach congists of the emplirical @ »Ivitic¢n
~rnel criteria, This is the well-lnown technique of select-
5f {tems those which yleld a madimum correlatfion witn =
wo other apprcach conalasto of the development of hcrmogeneous
1nuo'(rLP"t xeys, These kxeys will srow high internral con-
tie {tem gelection will not depend upen a relationship Wil

a1 eXtlernal cr!tvrion.

After e Licmegencous xeys are validated on the seme exterrel rriterie
inh which tie empirical keys were developed, both keys are to be evalunled
Ty sregs-velidaticn on a new sample, The blographical inventory
Lhe

W . ~
v P T
te bte “ovel da ptven oxperimentally et present to office:r candidates in
Alr Foros snd I3 znown by tre ccde namber, CEECHC This gtuldy hes ‘myli-~n-
tiong for tke consgtruction, analysis, and use of such tegty nag they ap:

in educaticnal, vecational, and personality guidance,

Historical Background

avirical Feying

Twenty-tiree emnirical methods have been described by Long end Sand
ford (1%}, Gulliksen (11, p. 3€4) notes tha*t of thege, nearly all over-
look the theoretical aspects of the reliability and validity of the tolel
tegt with a few notable excepticns (1, 13, 20, 22, 2L).

Arar* frcm these methods which were lieLed in the long and Cerndis
survey, others rave since been propceed., Severel of these are present
23 reypregsentative procedurcs of empirical keying.

Horst (12) has devised a method wnicl involves the ccmputaticr of the
mean criterion score and the mean total test score of all sublects who
answered correctly on any particular i{tem, Through plotting, this metnod
retaing the ftems with the largest index. The author claims inis zethod
ia lews time-corsuwming end, at the same time, yields at leaat as nigh va-
1iditiea ng his method of successive residunls,

Flanggen (7) suggeats a method of item selection in which a nucleus
¢ megt valid ttema are first selccted, and items are added to o aub-
racted frem %hig nucleus by ccmparing the {tem-nucleus correlaticon of cach




item with the item-criterion correlaticn. The items having a higher corre-
lation with the criterion than with the nucleus are retained, while the
others are droppred. The cycle ecan be repeated, but Flanagan notes that
only a small increment of improvement results from additional cycles.

Gleser and DuBols (&) have developed a method very similar to that
of Flanagan. However, they utilize the ltem-criterion and item-test corre-
lations to compute an index for each item of the form:

I‘J-C

L T T

s

Thils index provides a correction for whether or not the item is included
in the nucleus "t," and also takes into account the changes in item-total
correlations which result after the first selection 1s made. It provides
an exact critericn of how many items to refain in the final test,

Dailey (1&) has presented a relatively recent method for keying bio-
graphical data empirically. This method grew out of the inadequacy of the
method of selecting those responses with validity ccefficlents above a
given level of significance, In this method, called the "pattern of re-
sponse methcd," all possible responses are correlated with a criterion,
yilelding ccntinua of correlations with multiple-choice items. :Those items
for which the correlations show a consistent directicn are keyed. Positive
or negative unit welghts are assigned according to the sign of the cceffi-
cient, ard only the extremes are usually keyed. Yhen-cross-validated with
subsequent samples, thils method resulted in less shrinkages and greater
validity than the method of simply choosing significant items,

Each one of the preceding techniques represents the empirical approach
to keylng items, With slight modificaticns or combinations of two or more
principles lnherent in =sach method, any ocne may qualify as the representa-
tive of the empirical approach for the purposes of this study, Systematic
cunparisons of the methods of item analysis (8, 11, 15, 18, 19, 23) have
not given much satisfactlion for selecticn of the best method, The cholce
of method seems to depend upcn the labor which 1s involved for the obtained
increase in validity, stability of the validity ccefficient for subsequent
samples, and the ultimate purpose with which the test will be used. It 1s
to be noted that with the exception of the "pattern of response method,"
there 1s 1ittle evidence for the greater stability of any one method over
any other, It 1s to be emphasized, furthermore, that almost all the methods
have some points in common with others, At least one fact, however, pro-
vides a basls for the selection of the method to be used in this study. It
has long been known that given n items with identical validities, the two
items having the lowest correlations with each other will predict the cri-
terion better than will any other of the possible pairs of items. In other

Ky



1ords, the items which are selected for inclusion in an empirical key
should lend unique valid variance as far as possible, Therefore, in the
development of an empirical key, the intercorrelaticens tetween the items
of the key should te considered. This may be dcne directliy by censlder-
ing the item rclaticnships, cr indirectiiy by censidering the item-total
test relationships. The Gleser and DuBols method of maxinizing test va-
lidity (&) was selected .n the basis of the latter conslderaticn,

[icnogeneous Keving K

Zubin (26) was perhaps the first who applied different methods for
ccniputing item-total relationships in an attempt to develop a hemogeneous
test, Fe noted that with the lack of sultable external criteria, as is
often the case with rerscnality inventorles, proceeding by means of the
irternal ccnsistency of the test is the next test apprcach,

Factor analytic techniques have been combined with item analysis c¢n
such tests as the Gullford-Martin "Inventory of Factors GAMIN," and the
Guilford "Inventory of Factors STDCR." The major criticisms directed
against these tests are thelr lack of validaticn data and their laborious
statistical computation., At the same time, substantial overlap of the
sccles was develored; In scme cases the scales were intercorrelated as
hignh as the ,70's, Favorable criticism of .the technique cenfters around
the general advances given to test ccnstruction, a2s well as their indererd-
ence of obsolete and unreliable psychiatric classificatioen (4, pp. 80, 82).
This latter criticism imay, of course, te given for any of the metheds which
aim toward the deve.opment of howmogeneous tests,

Leevinger {16, 17) concelves of homogeneity cssentially as the average
correlation of items within the test, She presents two ccefficlients de-
signed to give the degree of hcmogeneity between any two it~ms and the ho-
mogeneity c¢f the test respectively. Cronbach and Damrin (5), however, have
criticized the use of Lcevinger's ccef'ficlents as being markedly dependent
cn the difficulties of items, and, furthermore, they demonstrated that the
ccefficients do not apply when the relatiocnships between items are low. It
should te noted that the concept of homogeneity 1s dependent cn the type of
test involved, In ability tests item relationships are high, whereas in
rerscnality-tyre tests intercorrelations betveen items are charuacteristi-
cally moderate or low, Cronbach and Damrin showed lastly that the Kuder-
Richardson Formula 20, or 1ts derivative "phl bar,’ was sufficient to show
the equivalence of the items up to the point where the correlations hetween
items of equal difficulty rise to .80 and .90, This formula, which 1s the
mean of all possible split-half ccefficlents of the test, might be directly
interpreted as the proportion of the test variance that 1s contributed by
the common factors among the items. This systematic use o' Kuder-Richardson
Formula 20 represents an untested though fairly laborious approach for con-
structing a homogeneous test,




Another method vhlch results in a homogeneous test is referred to as
"maximizing test saturation” by DuBols, Leevinger, and Gleser (6), Briefly
describted, thils wethod takes into account the ratio of commen factor var-
lance that the items contribute to the total variance of a test, This
ratio has been titled "the saturatlon of the test." Vhen items are added
successlvély to a nucleus of three or four highly intercorrelated items,
S0 as to maximicze the saturation, thils should result In a homogeneous
test, Moreover, if cne were to start with nuclel that have little in com-
men, the keys that are swusequently developed should te relatively indepen-
dent, This method ves selected to represent the homogeneity approach,

Examination of the history of keying tests hcmogeneously reveals
1ittle applicaticn Lo test validaticn, What has been done has been carried
out cnly for rerscnality-tyre tests where external criteria are unsuitable or
laciking, Keying empirically has been carried out generally whenever a
cholice between-the two was {o bte made, It would aprear that a crucial .
study would inveclve the camparicon of two rigorous methods representing
each approach for keying the same blographical lnventory, Thils, in short,
1s the over-all purpose of this study. 3

HYPCTHESES TESTED
Trhe following hypotheses are tested by this study:

, 1. The empirical keys will contain higher correlations with the
criteria than the homogeneous keys on the developmental sample. In the
first place, Biographical Inventory CE608C was developed by the inclusion
of those items which were shoun to be valid for prediction of CCS success.
Secondly, the empirical keys inciucded items on the basis of their specific
centribution to the prediction of an external critericn, Cn the -other
hand, hcmogeneous keys are ccnstructed soclely cn the basls of the internal
consistency of the items which may or may not be related to the criterion,
The empirical keys are exrected, therefore, to be characteristically more

valid than the hcmogeneous keys.

2. The empirical keys wlll show a preater shrinkage and a lower
valldity than the hcmogeneous keys, The items of the homogeneous keys tend
to duplicate each other, resulting in the probable cancellaticn of chance
errors. By contrast the empirical keys will approach the heterogeneity of
the criteria they are designed to predict. For this reason homogeneous
keys can be exrected to bec generally mcre reliable than emrirical keys,
Guilford (Y) haz also pointed out that factorially impure tests (empirical
keys) contailn variance that is unrelated to the criterion, This invalid
variance adds spuriously to the valldity whken chance deviaticns are opti-
mally velghted, and this serves to lower a cross-validity as would a like
amount of error variance, It would, therefore, te expected that these twe
factors would result in a greater shrinkage and lower cross-validity for




the emplioicenl keys Chawd for the hemogerncoun Leys,

'

Lenogereoas kevs will te !"‘"CI'OIC"' cadilsl SeamLraiil 2t

cany L_and the empirical veys w111 l(_.u.(lolorlcall comn e
ard { 16; mterpret. Inzofar as the method of bomor Cha 0 vesinge

1 Sueewsals a its pr‘nory real of maintuaining peycnhicloricnl jruriuy, theo:
veys choul i Yo simple Lo Interrret, Lince thke emplrical weys :Lll te oonna

reced ¢f a multitude of facters, 1t should te aifficult to mcow whlc:, of
tie specific facters to !nvoke and te what degree irn crder Lo cxzplain a
rersen's score, In this regard Guilfordaerd lLacey (16, p. &81) state:
"This (empirical) rcecedure would seer merely to result in an cxtens!e:
cur femerance Lo new valid territcery, rather than to increace eor revi-
cidpe oY why tests are valld and therefore to laprove cur centrol cver vi-
11dity already ackleved,”
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POFTUZATICON #MHD CRITERIA

The Cirst step in keying by elther the homogeneous cor enpirical

prcach 15 Lo obtain the sanmple with which such teys are Lo te <develoyed,

The sanple cn whilch the hemopeneous keys were to te develores was desip-
.

nated, Sample A, 1L was chtalned by zelectling every third rajer out of
total peol of uwacle alrmen vho were aaministered CLedZC durisy lovenber
1

1550 until 2 tetul of 1900 papers wag obtained. iost cif Lle alvme:n were
in thelr seccnd week of military experience, These 1000 rurers were then

& S
scanred for ccmpleteredo and ccerrect scoring, The sampling rrecess anc
. i~ aAr
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obtalined,

The canpie un whdeh the eaplrical keys were Lo te develojed ane o
which tle licmcgeneous keys were te be validated was designated, Sample o,
This sample was ccompoced cf all avallavble rmale graduates and elinfrneen of
Officer Candlidate School (CCG) Classes H0-4, 90-B, and Hu-C, and tceialed
336 praduates and 78 eliminees, The sample with which the erpirical Keys
and the hcmopgeneous keys were cross-valldated was desipna»ec, Sanple C,

Tnis sample Included all available male graduates ard elimlnees of {C3
Classes Sl-4 and $1-B and totaled 306 graduates and 29 elirinees,

The fact that the hcmogeneous keys were developed on airren and vali-
dated cn offlicer candidates, while tte empirical keys were develored on
of ficer candidates, may represent a sericus llmitaticn 1n the study, The
use of airmen was necessitated by the lack of a sufficient numbter cof cffi-
cer candldates who had been adnminlstered CRO08C and for wherm criteria data
vere avallable, Since the basic persciailiy variables, as elicited by
CEFfO8BC, m3y have been sorewhat different for tre alrmen and cfficer candi-
date populaticns, this may have served to reduce the valldity ¢f the heno-
genecus xeys, A comparison of the two keys should te interpreted, there-
fore, with this limitaticn i nmlnd.




The nreads Tepedley GG, the aat@re ef ARG jprlteria whichk dneluded
E N G
1. btasc/ra: Shinoeriterton van Jdobernmlien b, nitaliling the

3L g lanngs tntg l.u\’tz: W pradiimied and Lhese adto fapllad Lo ociniete the
cource ., Fallure toe complete (C0 wns due re ettber low over-a2ll rrades or
resipnat.on,

2. CC5 =ilttary yrades., These were ratings en military poten-
tlal mode by the Tactical Gificer 1o charpe cof each f1lisht, Fach flipght
wrs composed of 0 officer candidates,

35, CCO academice jrades, This ceriterioan was determined by dif-
ferentinlly welphting (E;rondont upen tre numter of hours cdevoted co each
course ) objective nchieverent Lest scores i the vartcus academic sublects
taugtt, Trese subjects included perscenzel retheds, supply, administraticn,
military law, etc,

L, CC5 finul rracdes. These grades were obtained by eonally
welghting the academlc and military grades into a cumpesite,

FRELIMINARY tRCCHLUKES

Tre first step of hoth tre hemogeneouc and empirical approach was the
dichotcemizaticn and welghting of items, A decision had to e made for the
most meaningful dichotomy of cholces c¢n a five-choice centinuum, Cne part
of tre dichetomy woz L3 BC givii wally welynit wnlen woulq arpltrarily ase-
Lign a zero welght to the otrer part of the dichotconmy,

In orcer to carry oul the dichotemication and welghting cf items, the
first precedure was a rundcm selecticn of a subsample of 250 parers frem
Sample A, An item ccunt was then chtalned of all possible answers, Cn the
basis of the item count and loglcal censideraticr. of Judges as to the rart

trhe item might later play in a priorl keys, all the ftems were split dichot-

orousiy, appreximating the 50-%0 orlit as far as possible, In u few cases
wrere thre items were "double-tarrelled” or "bifurcated," thus presenting
tvwo possible splits with distinci. y ceparate interpretiaticns, two items
were develcped out of core,

It soon tecame apparent that many items had to te eliminated frcom
further consideration tecause the items were ccncerred with Alr Force ex-
rerience, These items weould obviously not yleld ary apprecilable valld var-
iance, since, as pointed out tefore, almest all tre examinees were in threlr
second week as airren, tut of an origingl 227 possible itoms availavie fer
veying, there now rermained 183, These rreliminary procedures were commen

for both the empirical and hcmogereous apprcach, Froem this point btceth rmeth-

cds prcceed In divergent directicens,




CGLOTATENENT CF TIZD PROBIL

Phts o study wad to be ecarried oul in accordance with the followling ob-

1, 2c¢rivation of hemogencous and relatively independent veys

for 3logranhical Inventory CEGCEC on Sample A, This wes to bte donc by trne
zethod of maximizing teat gaturation.

2. Intercorreletion of hemogeneoun keys on Sample B,

3, Validation of cach hemogencous key on cach criterion of ex-
ol B te inciude: finnl CCG grade, military CCS grade, escademlic CC2 frade,
arnd pasa/fall in 0CS,
i, Ccmputetion of beta ceoefficicnta for cuch hcemogereous ey
for cachi cril.crion and camputation of the ccefficlents of multiple corrs-
lation with cach eriterion,

9. Scoring of Sample C o the hcmogencous keys end welghting of
each ncmogeneous xey gcore by teta welghta egtablished in each multinle re-
gresgiorn formula, ac “determined fr¢i Sample 3,

G. Sumation of welghted homogencous xey acores to yicld a pre-
Aictee criterion accre,

7. Correlations c¢f prediced criterion scores with ectunl cri-
fur Sample C,

.

[

5. PLerivation of the cmpiricel keys Ior each criterion cf Sanm-
rle B by the Gleser-LuBois method fer maximizing test validity,

J. GScoring of Sampie ¢ on eaca capirical key, and correlations
of cmpirical key scoresa againat criterion acores,

10, Ccmparison of the velidities and cross-validities of voih
scts of keys, and cvaluation of the relative difficulties and character-
istics of each methed,

11, Paycnological ccmparison of both sets of keys,

The firat step of hcmogeneous keying was an a priori categerization
of the 183 items availanble for keying by three $adgea, Thia resulted in

L A detailed theoretical and methodoiogical presentaticn cof the meth-
od for maximizing test saturaticn may be found in DuBols, Leuvinger, and
Gleser (6),




categories in a later cycle.

the feormation of 13 categories which showed preomise of common factor con-
tent, Of these 13 categories, four were combined since it was felt that
2ach of the recur might possess a fairly high relationship with its resgpec-
tive paired momter, '

Having carried out the prcocedure for maximizing test saturation, 13
first-cycle categories were derlvec from the a priori categories., The
first-cycle categories included a totul of 129 items of which three items
vere Included In two categories, From the residual number of 57 unplaced
ttems, one additieonal category of 11 items was develored. LEach category
was nared following inspection of thre item content., The category data,
incluaing the name, mean, variance, and saturatlon are given in Table 1;
and the category intercorrelaticns are given in Table 2, Each hemogeneous
category is ldentified by a letter which indicates the a priori cluster.
vihere more than ene category was derived from the a priori cluster, a sub-
script accempanies the letter, indicating the order of category evolvement,

As may be noted in Table 2, cne of the categories, Aggressiveness,
seemed to resemble a general factor, since 1t correlated high (above ,34)
with cne-half of the other categorles. Since it was intended to develop
inderendent categcrics with as many ltems as possible, it was decided to
put the eight items comprising this category back into the general pool of
unused items and to reccnsider them follcwing the development of inderpend-
snt categories, Two of the eight items were included in the Independent

Category Intercorrelations in Table 2 were now examined to determine

a single matrix, When the general factor category was removed frcm con-
sideration, seven correlations remained which ranged from .35 to 49, It
was declded to delay any combinations of categories until an inspection of
tre intercorrelations of the completed first-cycle categories, at which

time all ftems would thave ‘been correlated 12th 2ll categeorics,s Since-dthe
numkter of correlaticns exceeding .35 dropred from seven to two as a result
of the removal ol eight items from first-cycle categories, it was decided

to continue the cycling without combining any first-cycle categories,

In order to achleve greater ‘ndependence of categories without much
loss ol saturation, categories were revised in a second and a third cycle.
Tables 3 and 4 and Tables 5 and 6 present the category data and category
intercorrelations with Cycles 2 and 3, respectively, Table 6 also includes
the data for the revised general factor category following the inclusion
of seven items which added to the saturation., Table 7 presents a compari=
son of the inderendence—of categories—as-a—result—of the cycling process’
It may te noted that in order to achleve a decrease ol average correlation
Letween categories of .05, 15 prer cent of the total poss: ble number of
items had to be dropred from Cycle 1 to Cycle 3,




Table 1
Firot-Cycle lcmegrnecus Tntogery rata

(sample: 1000 basic alrmen)

lio, of Var! - Satur-
Category Itens ‘ean ance aticn®

A NFechanical Aptitude Y 6.12 3.16 B
By Athletic Exrerience 12 £.25 9.49 .75
B> Childhood Gares 8 6.21 3,20 .60
C Playpoy® 12 4,22 3.98 )
D Socio-Ecencemic 17 9.04 14,08 e
£ Scilzold? 6 1.96 1.94 1
F, Parental Criticism 11 291 8,02 68
F, Extroversion 13 G35 8.13 LT
F; Agressiveness 8 4,78 3.3 .50
G Itinecant? 6 2.€3 2.5k .5
H Scholarship 13 4,32 €.94 .62
I Societal Acceptance g1/ 7.50 6.71 .99
7 Childhood Respensibility® 11 $.13 5.82 ST

3 Trese category names were changed frem a priorl names felleawing ex-
aminaticn of item content,

Y This category was developed out of the residual items {(n = 57) un-
placed in Cycle 1.

n-1 n-1 n

c 0
turation = 2, N C el > p
Saturation 151 =iy I3 121 Vi o+ 2,2, 12141 Ci1y whrere

01J = covarlance tetween any two ltems and Vy = varlance of any ltem 1,
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Tetle 3

~cecerd-Cyclice Hemcgenccus Catcecry fonta

(N = 1000)

No. of Vari- Satur-

Category { tems Mean ance ation
A Mechanical Aptitude 1 L.89 2,07 Ll
B, Athletic Experience 10 L.77 6.50 67
B> Childhood Games 7 5.52 2.59 O
C Playboy 11 393 3.67 R
D Sccio-Ecconcmic 1% 7.9 10,60 et
E Schizoid 6 1.96 1.9 .36
Fy Perentel Criticiem 11 6.51 8,02 .68
F, Extroversion 12 T B 8.13 67
G Itinerant 6 2.63 2,54 .90
i Sekelisrahly 11 3,81 5.66 .60
1 Societal Acceptance 1L 7.87 7.48 .60
J Childhood Responsibility 7 3,32 2,99 R

11
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Table 5

Firel Adcmogeneous Categery Lata--Third Cycle

(N - 1000)

Nc. Vari-

Category items Mean ance

A Mechanical Aptitude 7 L .89 =04
B, Athletic Experience 10 L,77 6.50
B, Childhcod Games 7 5.52 2,59
C Playboy 13 3.96 L.53
D Soccio-Econcmic 13 7.23 9.52
E Schizotd 6 1.96 1,94
F, Perental Criticism 1 6.51 8,02
Fs Fxtroveraion 1 L, 64 6,40
G Itinerant 6 2,63 2.5
H Scholarship 8 2,75 3.55
I Societal Acceptance 13 7.51 6.66
J Childhccd Responsibility 6 2,60 2,44
F5 Aggressivencss 15 8.59 8.96

13
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Tebilo T

cacrrelatizrs oY
Catescerica By Cycles

ncopendent licmerenecus

_" Cycle 1 Gyede 1A gyele 2 Syele 3
Lo - ik 1
eD0 - L)
5 - Lo 2] > ]
R YO R, Bt L =
3D - 29 g 3
.30 - L34 X 9 € L
O - 29 3 3 2 2
R0 - 2 3 ‘ 2 5
A5 - 1Y 15 15 17 1
J10 - 1S 3 € 10 1L
L5 - .CO e 1 12 12
.00 - .0k 10 10 9 _8
Total correlations 78 €6 €6 €6
Totel items used  1LO 132 117 11
Number of 1items aaded Added 2 Added Z
and/or dropred Dropped 8 Dropped 17 Dropgped I
Per cent of pce-
sible items used 73 68 61 58
Avierage correla-
tion .2Ul .183 153 L1466

& Signs of intercorrelations arc cmitted,

v Category "Aggressiveness' which appeared as a general factor in Cycle
i wes Jropped for Cycle 1lA.




FMPIRICAL KUYTIN 2
e nLUAL S TN

The tentative empirical keys were to be formed by including these items
whege correlation with a critericon was aimnificant at the .01 level of con-
fidinee, Faaniration of the correlations revealed that 16, 18, and 20 items
qualificd for inclugicn intn the {final grade, military grade, and academic
arade keyg, resvectively. lowever, it was alano noted that only seven items
qualified at the ,01 level of significance for inclusien into the pass/fail
key. It was decided to lower the requircment {for including an item in the
pass/fail key to tne .05 level of gignificance. This decision resulted in
the addition of five more items or a total of 12 items in the pass/fail key.

Sample B answer sheets were gcorced on the tentetive empirical keys,
and these scorcs were correlated agnlnst their respective criterion. ‘Lhese
corrclaticns and other summary data of the tentative cmpirical keys, Includ-
ing the items. in the keys, reansa, and standard deviaticns are presented in
Table &,

Firgt-cycle cmpirical keys were ncow develored by the Gleser and DuBols
rethed of maximizing test vallidity. The ansver sheets were gcored on the
first-cycle keys, and thegse scores were correlated with their respective
criterion. Tre key-critericn correlaticns and sumrary data for first-cycle
kxeys are prescnted in Table 9. '

- Since ‘the megnitude of cach first-cycle key-criterion correlation in-
creaged by at least four correlaticn polnts, a gecond cycle was carried out.
It was noted at the completion of the second cycle thut the key-criterion
correlations increased only elightly above these of the preceding cycle,
and, therefore, no additicnal category refincement scemed necessary. The
key-criterion correlations and summary data for second-cycle categories are
pregented in Table 10, The ccmrarative chenges from the tentetive empiri-
cal keys to the Iinal keys are presented in Teble 11. It was now possible
Lo score a new gaapie on botn thre empirical and hcmogencous keys and ccm-
rare their respective valldilies,

VALIDATION OF KEYS

Validation of the Hcmogeneous Keys

It has been pointed out that the hcmogeneous keys were developed inde-
rendently of any external criteria, Prior to a cross-validation, therefore,
it was necessary to obtain the intercorrelation of the keys and the valid-
“ities and beta weights for those criteria which were uscd to develop the
empirical keys, For control purposes, the same validating sample with which
the empirical keys were developed was utilized to obtain these data, This

2 For a detailcd theorctical and methodological presentation of the
rethod of maximizing tesct validity, cf. Gleser and DuBois (8).

16



Table 8

Correlaticns and Summary Lata of Tentativse
Empirical Kcys and Criteria

Itens
Criteria cr key i in key Mean SD yn

Finael grade ° 336 4,99 1,97

.39
Final grade key 3%6 1% 8,62 2,0k
Military gradca 336 5108 1.89

«50
Military erade key 336 18 11.18 2,56
Academic grade” 336 5.03 1.96

050
Academic grade key 336 20 11.57 2,63
Pasa/fail by L .81 .39

5P
Pass/fal) %2y Lk 12 6.77 1.76

8 Staendardized 1in stanine units.

b Bigerial correlation coefficient, where p = .81 and q = .15.




Labilia'9

crrelatiers nnd Swrmary Dala of Pmpirical
Yeya ard Criteria--First Cyelo

Items
Criteria or Xey il in key Yean 50 r
¥irel (.:"udo'“' 3¢, L0 1.97
b3
Final grade key 336 D4 177,00 3 .05
a ; -
Military grade 3¢, 9. 00 1,89
r‘l‘
.«
Military gradc key 336 50 21,13 3.5
Acndemte grade” 336 5,05 1.96
.>6
Academic grade xey 336 3L 20,16 3.38
Fags/fall L1k 81 .39 b
.50
rass/fall key L1k 17 11.78 c.17

a Standardized in stanine units,

& Biserial correlation coefficient, where p = .81 and q = .19,




- v D

~

iable 10

correlaticns and Summary lata of Final
Empirical Keys and Criteria

Items
criteria or key e in key Mean S2 o
Final grndnn 326 4,940 1.97
3
Final grade key 336 3G 21,10 BRSR
MUlttary grade” 536 5.08 785 |
O
Military crade xey 336 Lo 27.86 3,67
Acaden'c grade® 336 5.03 1.56
D
Academic pgrade key 336 39 23,L7 3.9
Pnas/fail L1k Bl .39 b
2t
Pass/fail xey L1k 19 12,49 2,50

f Standardized in stanine units.

L Biserial correlation ccefficients, where p = .81 and q = .19,




Todble 11

Cemparison Between Tenative
And Final Empirical Keys

Per cent of Increase
No. of renaible in r with
ey Cycle 1tems items uscd criterion
Cycle 1 16 09
Final grade LOb
Final 39 <0
Cycle 1 14 Gy
litary Zradc oL
Final Lo 21
ErcRICHE 20 1C
Academic grade .08
Firal 39 20
Cycle 1 12 T
ress/fatl .06
Final 19 10

<Q

———— e ——— MM w,




gample, known as Sample 2, Includcd 33+ graduates and T8 climinecs of GCS
Claaseg 50-A, 50-B, and 7)-C.

Teble 12 presento i Intercorrelations of the hemogencous keys based
upcon the Indevendent Sampl 8, The magnitudes of the interc wrelations
were gtrikinasly similer to» these obtained on Sample A, and the average cor-
relaticn of the matrix, minus the ceneral factor categnry, Increased only
eigcht voints in the third decimal. Also noteworthy was the frnet thnt ihe
general factor now cut acrcss the categorieg less than it did in Sample A,
This fect can probably he sitributed to the addition of seven items to the
ategory was not recorrelated with the otler cat-

general factor, since th: ¢ zor;

.egories following itg finnl revislon in the thlrd cycle. A last noint to

be noted in Table 12 wag the shriniage of gcme saturation ccefficients,
(Campare these sa urqtiovs with these in Table 7.) Shrinkesge of the satura-
tion ccefficient cccurs for the gere reason ag for a correletion ccefficlent:
the error factor in ?he first sample 1is welighted in favor of the original

keying, and gince or wvuriunce dces not reproduce itself in subseguent

er:
edministrations, additional e”*or appeara, and the saturaticn or correlation
ccefficient diminishes, It should be noted that e shrunken saturation ccef-
ficient repregenis e tru:: estlLatc of hcmogeneity.

Having obtain traer egtizzte the intercorrelsations of The hcmo-
g&cnoous keys anzi g four criteria, four seis of
beta weights and T were ccmputed, Thnc sotoiled
dats fo:vinese-ral ccn-

our levio

altinle ;orrelatioxs, including the hemegeneous
tor ccanoslte, baia welghts, val 1aiu1es, enc multip.e Rtsg,
g.F -

it
are given in Tatles 13 tarough. 16,

r‘*‘oss Val idaticn of the Ecmoseneous and Empirical Keys

Sample C, which was ccmpcoed of 306 graduates and 31 failures of CCS
Clasges 51-A and Dl-g) was scored on each of the four emgiricgi*kevs‘@nd
on the 13 hcmogencous keys. Three Pocarson product-mcment correlations vere
obtained for the empirical keys ageinst their respective CCS grades, end
one biserial correlatlion ccefficiert wes ccmputed for pass/;ai* on its em~.
pirical key. These corre’aticns renrescented the cross-validlties of tie
emplrical keys. In order to obteir the multiple valildities of the hcmo-
geneous Xeys, the raw scorcs of the keiyc comprising the predictor ccmpcesite
were weighted by thelr particulaer regregsion weight. These welghted sccres
vere summed along with thce constant term to give a compesite predicted cri-
terion score for each sublect. Each predicted criterion score then wves cor-
related ageinst the subject's obtalined criterion gcore to give the nuitiple-
validity correlation, A ccmpariscr of the data comprising the crose- i
validation is given in Table 17.

One of the most signiricanl ccmparisong of the two keys to te made in
this atudy was between velidities of the empirical keys and the multiple
validities of the homogencous keys, Table 17 gives the critical ratics for
the differences. Inspection of Teble 17 reveals that in croess-validation
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there was o lendency for the homogeneous keys to predict two of the cri-
teria better than the empirical keys,and the empirical keys to predict the
other two criteria better than the homogeneous keys. Since none of these
differences was significant, it is concluded that, insofar ag thege data
are concerned, neither the cmpiricel nor the hcmogencous method of keying
nroved superior,

A sccond important ccmparison tc be made between the two keys was the
ccmprarison of the shrinkages. Table 18 presents the relevant data, It
way be noted that for all four criteria the shrinkeges ot the empirizal
keys were significantly greater than zero beyond the ,0]. level of confi-
dence, The shrinkage resulting from the cross-velidation of the homogene-
ous keys on only one criterion, academic grade, was significunt beyond the

.05 confildence 1imit. The hcmogeneocus keys showed significantly less
snrinkage than the empirical keys beyond the ,01 confidence level on mili-
tary ggade and pass/fail, and beyond the ,05 confidence level on academic
grade,

PSYCHOLOGICAL CCMPARISCN OF THE KEYS

The last ccmpariscn to be made between the empirical and the hcmogene-
ous keys was the degree to which the scores on each led to a better under-
standing of the criteria, that is, the degree to which each was psycholog-
-ically meaningful., In a pamphlet prepared to gset forth the objectives of
the CCS curriculum, certain traits were hypothesized which seemed to dis-
criminate the superior officer frcm the poor officer (25). With these de-
sirable tralts as the criterion, three Jjudges, independently and later
Jointly,; e¥smined the keys a2 peoesteriori from the stondpoint of batter cori-
terion definition.

After an examination of the iltems of the empiricel keys, there was u-

panimous agreament that about two-thirds of the items bore no logical rela-
tionship with the criterion and that most of the remaining items bore only
indirect relationship at best, -Examples of these items which were found
in tw< or more of the empirical ikeys with a positive validity are, 'played
card games in chlldhood," "carried on woodworking and cabinet-making as a
hobby," and the items with significant negative validity were, "having
ridden a horse in childhood" and "having driven a motor bcat,"

Frcm another point of view, at lecast two desirable traits of the su-
perlior officers, which the judges agreed were measured by various items in
CK608C, were superior scholarship and cooperation with fellow workers or
group participation., Examination of the valid items hypothetically related

3 Since the standard error of shrinkage on pass/fail is based upon the
transmutation of biserial r to Fisher z, it is probably an underestimate.
Caution should be exercised in the interpretation of the overestimated crit-~
ical ratio.



‘resa-elidaticn of Impiric .l and Hcroguerveous Keys
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officer cendidntes of Clasees S51-A and 51-B)

Critericn Xey
Empirical
Final grade
tiomogene ous
Enpirical
Military grade
Hanogeneoun
Empirical
Acadenic grade
Hcmogeneous

Pags/fail

® Biserial correlation coeffinient, wrere p = ,91 and q
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Eomcgeneous

N
306

302

3c6

3¢e

3¢6

3¢2

331
332

C.R, of
Cross- differences
validity of crcses-
Mean SD r validities
18,32 3.02 .22
090
5.19 LGl .15
°7.97 3.2k .17
1,14
el 68 .26
23,19 3.23 .50
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holarstlp showed trkat, as coxpected, tie audbjects having sujerior high

ol yradens  accelled An G5, Other tteme are keyed og velid, however,
oo the awtece appear incongictent with superior scholarship, e.g.,
tne omore succeaniial oftf'icer candideten ad cnly o high uchool educetlon or

.cag,  Wintever were the conditions which ceused the legsacr educated gub-
Jocta Lo exeel in CGG, tt 1s leglical ’v nasue thav fric year to yeer such
~enditicns would nct te repetitive, wo items which were related o achol-
arabin but were Reyed in 2 directicn ﬁcrt*a*y to expectaticns, include: (1)
ndverse feellngn toward cducaticn, and (2) an 8th graie education or lese
Yor fathera o! officer candidates,

e sceoond hypotheads, ccoperative working with others, which elso
scemed o Lo reag: *cd ty CECOEC, was concerned with geveral {tema reyed ag
valid which weuld aprear to discriminnte the more coogerative frcm the less

coorerative, ilicvwever, other itemn were keyed as valid which appeered oppo-

giltely relnted Lo acciel ccoperation and rartiripaticn, such as preference

Yor werxing elore and no exrerience 23 an ingiructor or group leader or de-

gire Lo be wne, At the same time guch items as the desire to advise or

Zelp othera and active partiicipetion in verious club activities rerained

‘nkeyed, ‘Ine ottempt te isolete the ebove two "degirable!" traits by exan-
ton ¢f the volld ftema was fruitless,

An cqzrl ly critical apprreisel ahould te made of tre puychological mean-
ingfulrnesa o tie hemogeneous keys with the objective of a tetter understand-
‘tng of the criteria, Cn the basls of en inspection of the item content, de-
acriptions of the 13 categories ere iiven below., The deseriptions "typify"

e hlitheacoring individual,

1. Meclanical Aptitude: A :oracn scoring high In thls category
“ea carried on wcodworking es a hobb ras u shop in the nere, has excelled
in 8ilop worsx in achcol, and he has :nn various kinds of mechenical rerairs

in his ycouth as well as in adulthood,

2, Athletic Experience: This individual has engaged in various
tear sporta, often ag a captain or ceeach, He has frequently engaged in
verious types of individual sports, and he has excelled ‘n rhysical train-
ing in achool,

3. Cuildhozd Germen: This subject, as a child, has pariicirated

n such germes as playing checkers, dcminces, and card gameg, digging cavea,
and building elub houpeg,

:, ‘lnu\\»\-' . m

Il:is person hes participated in verioua forms of

cembling 1n hig} achool, He prefers playing poker cover playing softball,
winning & large swm of money over finding a similar unclaimed sum, working
frem 9:30 to 9:30 over T7:30 to 3:30, & clever friend over an honesat ane,
and staying et hcme Lo read over going on a hitke, He will not telleve in
or is unable to atick to a budget, and he will frequently go nightclubbing
during recreational hours,




5. Soclo-ELconcmic: In the here of the high-scoring subject of
this category there would te such things as a waffle iron, vaecuum cleaner,
eXtensicn telephone, televisglen sct, esutematic water heater, and a large
number of booka., The father and mother of this subjJect have at least en-
tered high schocl, and the subjeet has no more than two siblings,

6. Schizoid: This individual doesn't like to talk over pergonal
problens, le deesn't expect his friends to help him out of a jam, He feels
that what other people do 1s their business, and he vrefers to be left alone,
tie hag few friends, if any.

T. <farentel Criticism: This high-scoring subject has often been
criticized by his rarents over such 1lssues eas rcletions with the oppesite
sex, gambling, smoking, drinking, choicc of cercer, and not attending
church,

8. Extroversion: This verson hes been a leader in school or a
club, e clesg officer, debater, active xember in draretics, an instructor,
end/or a camp leader,

9, Itinerant: This indivicduel has hitch-hiked farther than 10
miles on a trip before ccompleting high school, He prefers work with oppor-
tunity for travel and adventure over gocd pey and prcmoticn, working in
different places over working in the same bullding, changing jobs often
over working at the sere job, being sent overseas over staying in the
United States,

10, Schelarghip: This rergon hag excelled in all courses in high

school; he has never falled a course, He has often visited a library or
museum in his recreatiocnal howrs or on vacatiens,

11. Societal Acceptance: This subject believes that laws, judges,
and Jjuries are not prejudicial, that there is mucih fun and few worries in
lite, and that educatlion does not lead to discontent., He further is againceo
crogsing picket lines and is In favor of labor's striking., He would also
not prefer more color in the Alr Force wuniforms,

12, Childhood Responsibility: Prior to high school this subject
rode an interurban bus or train alone, He has had the responsibility for
the care of o poct, I¢ has wscd o charpe accownt and has owned a car when
in high school, and has made a business deal in eXcess of $500,

13, Aparessiveness: This 1s the general factor, This high-
scoring individual has had fist fights in his youth., He also gambled and
made long-distance cally before he was 13 years old, He was very athletic,
having captained or coached a team. He has been fairly proficient in such
sports as diving, boxing, wrestling, and football., He admits beating scme-
one in a trade, and having taken advantage of someone slyly. He has been
the leader of public meetings and bull sessions, and engages or has engaged
in many dateg per weok.
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It may be noté from the above degeriptions that, in contrast to the
«npirical keys, all the categorics deal with a central theme of greater or
lesser complexity., The ccmparigon of the two gets of keys as they relate
Lo criterion definition 1s discusscd In the next section,

INTLURPERTATICHN OF KESULIS

Evaluation of the Crcss-Validation

With reference to the hypothesecs previously stated, the folleowing con-
.cluslong arc 1ndlcated by the data of thig study, and each is discussed
triefly in turn:

1, The emplrizal keys contained higher correlations with the
criteria than the hcmomgeneous keys cn the development sample, As it was
rreviously stated; Biographical Inventory CEE608C was originally devised
by the selection of valid items. and item inclusion in the empirical keys
wag based upen the unique contributien to thet validity. In addition, it
wag found thet =0 to 46 per cent of the items constituting the empirical
keys were elther too heterogencous or not in surficient number to be in-

cluded in the hcmogeneous keys, This represented a congiderable source of
validity untapped by the ncmogeneous xeys.

2, ‘The shrinkages of the cmpirical keys were simificantly
mreater tkan the homoseneous keys. Since the empirical keys had higher
correlations with all criteria, greater shrinkage might be related to a
larger original correlation rather than or in addition to the differences
in hemogeneity. A research desien 1o dliscover these relationships would

- require the ccmparison of shrinkages of & large number of both hcmogeneous
and heterogeneous keys. This laborious job is beyond the scope of this

atndyr
stuly.

3. HNeither method of keyinz ylelded superior valliditles, While
the differerice betweén tne valldities was not significant, the empirical
keys yielded higner validities for the prediction of academic grades and
{inal grades, and the hcmogeneous keys yielded higher validities for the
prediction of military grades and pass/fail. This seems worthy of further

—inveatigetion, since 1t is possible that emplricel keys may relate to the
prediction arecas already accounted for by aptitude end achlevement tests,
while homogeneous keys may relate to the relatively unexplained social arese,

o v s mmare e et s ] T
W, The hemomencous weys were pavohologlcally meaningful while

the empirical keys were not. Among the objectives of keying a heterogene-

ous test should be included not only the prediction of the criterion but
alsc the increased underslanding characteristic of most criteria., 1In-
creaged knowledge of the criterion will help to give a clearer perspective
for the development and execution of a itraining program and a clearer pic-
ture of the .actual versus the probable measures of success, The extent to




which the two methads of keying have added to knowledge of the criterion
should be examined critically.

It was noted how inadequate the empirical keys were In criterion def-
inltion. Only about cne-third of the items in the emplrical keys could be
indirectly related to desirable tralts of superior officers, as set forth
by command Judgment, Since the items ccmprising the empirical keys were
each equally weighted unity, 1t wes impossible to know which factors to
invoke 1o explain the criterilon varlance accountcd for by the key.

In contraat to the empiricel keys, cach of the hcmogeneous keys were
relatively easy to define. The part that each key played in explaining
the criterion was indicated by 1its bete weight in a multiple regression
equation, Coinc!dent with ~riterion definition, the test constructor is
glven many clues 28 to how the multiple correlation may be increased by
the addition of any missing hemogeneous tests and by increasing the breadth

of the more relevant scales.

It should be pointed out, however, that the validities, to which the
discussion of criterion definition has been felevant, ranged from ,15 to
.50, The insights Into the criteria which are provided by the keys cannot
be related, therefore, to more than & to 9 per cent of the criterion ver-

- iance, It must be concluded thet the greater utility which is posited for
the homogeneous keys is based on intuitive and not cmpirical grounds, ¥

The last comparison to be made between the hcmogencous and empirical
keys is the manner in which both keys fit into an extended vrogram of re-
search. Since a good deal of time and effort 1s usually expended in order
to evolve falrly stable keys, the job of xeying 1s usually cerried on with
the purpose of long-range usc., It should be noted, rarticularly witn bio-
graphical or attitudinal-type inforration, that periodis re-validation of
the items 1is essential, Items releting to soclo-econcmic areas, education-
al areas, and broad attitudinal questions concerning personal adjustment a
are just a few types of items containing transient validities, both frcm
time to time and from group to group. Anastasi (2) states that the dis-
tinction between the test and the criterion 1s merely one of practical
convenience, and she urges that cvery lest score be operationally defined
in terma of empirically demonstratcd behavior. The literalure is replete
with the many ways by which criteria may be biased (cf. Brogden and Teylor
3), Validation of the items must, therefore, keep pace with the vagaries
of criterion change, and it 1s in this regard that the questieom should be
asked, "how difficult would it be to keep each set of keys up to date?”

Unless only slight changes occur eithef in the reviaion of the criteria
or in the inclusion of additional 1tems, empirical keying would have to
jtart entirely anew, A priorl analysis 1s usua’ly too gross to estimate



accurately how "aligni'" the changes avre in the criterion from year to year,
and whlch items ore meat aftfected by such chasinges, In addition, it is ap-
carent that with the apprarance of cach new criterion, a new keying pro-
cedure would be required. On the other hand, insofar as the hcmogeneous
¥eva are concerned, the entire keying procedure would have to be repeated
only with very ¢ress changes in the test {tsclf. VWhere there were elther
revisions of the criteria or additions of new criterie, the same hcmogene-
ous keys could be used to obtain new gerics of significant beta weights.
This procedure involves nothing morc than re-validating each key on each
new criterion andi ccmputation of the multiple-regression ccefficlent, ‘Where
additional horogeneous tests are t» be devised to measure inadequately
covered areas of the criterion, the old homogeneous categories can be re-
lained, and the stalistical labor of calegory evolvement end reflinewent
need only be concerned with the new categories. It may be seen clearly
that hcmogeneous keying, in conirast to empiricel keying, is amenable to
en expanding and continuous research progran. -

SUMMARY AND CONCLUSIONS

This study utilized two different apprcaches in the selection and
welghting of ilems for the prediction of an externsl criterion. The first
or empirical apprcach has been and is today more commonly used in the con-
struction of scoring keys. In this mcthod the behavior to be predicted was
predefined by mwcans of an objective critericn external to the group of items
which would later ccnatitute the test. The second or rational approach de-
veloped with the Jack of suifable exterrnal criteria. It was noted that
even though sultable criteria vwere nonexistent, certain rational hypotheses
about the behavior to be predicted might te agreed upon by exrerts, and
items then written to measurc such bekavior. The velue of each item weould

then be determined by the extent to which it measured the behavioral com-
plex that the cntire test measured, .

It i# aprarent thet, in conitrast to the empirical method, the selec-
tien of items on the basis of internal consistency would result in a test
of narrow significance in relation to the criterion, especially in the case
where the behavior to be predicted was itself poorly defined, Realizing
this inadequacy, test makers then rcscrted to the use of wnrelated groups
of rational hypotheses and the consequent construction of multivle tests,
each of which was to represent a portlon of the criterion complex,

In this study the latter approach has been scmewhat deperted from in-
asmuch as the study was restricted to the use of the previously constructed
Biographical Inventory CE608C. This inventory grew out of the compilation
of the most valid items of previous inventories plus additionally edited
jtems, end it was used experimentally by the United States Air Force. Even
though the inventory was not developed In accordance with predetermined
rational hypotheses, fortunately, it was later shown that the ltema could

3 in




analyzed into meaningful subgroups. It was thus pessible to aralyze the
eraphical Inventeory with both the raticnal and empirleal appreach. The
:dy was desimed in order to be able to koy this heterogeneous agsortmer®:
" blographicel items ayatematically by the two indepcndent methods and to
;ollow with a2 statistlical and psychologival cecmpariscn, Including the valid-
ation of the 1 tlonnl or hecmogencous keys and o cress-validation of bot

svts of keys on @ subacquent sample,

b
Bio
st

The sample with which both keys were valiazted and cross-valldated was
officer candidates in the Alr rorce, Since there wasgs an insufficlent num-
ter of officer cundiéaics who had been administered CEE0EC and for whem cri-
terion grades were available, the hcmoscneous keys vere developed on a sam-
ple of 1C0Q basi. airmen freom the alrman populaticn.

The hemogencous keys were derived by the methoa of maximiezing test
satuwration, Thiz methed basically maximizes the item contribution of com-
mon fector veriance to the total variance of the test., Out of 183 items
avallable for keying, 111, or 58 per cent, were used to evelve 12 fairly
inderendent hcmogencous categorices (averag: r = .15). Seven items unused

"1in the independent categories plus cight items which were used in the in-
dependent categories werc combined to form a2 thirteenth category. This
category correlated hilgh wiltn cne-half of the independent catcgoriles and
thus tended to be & wgeneral fa vtor. = . i

1=
A
LSR8

By the 5Gleser-Zudois Y'mthoa for waximizing test validity four empiri--
cal keys were devaloped ¢n the four criterla: final grade, military grade,
academic grade end rass/fhi?, The keys were ccmposed of 39, 40, 39, and
19 items or 20, 21, 20, and 10 per cent, respectively, of 183 items avail-
able,

The empirical rxeys yiclded four correlations with the criterion for
the sample on which they were constructed, ranging from .43 to .58, Valid-
atlion of the hcmogencous keys on the same sample resulted in four multiple
correlations rancing frem .26 to .35, The independence of the homogene ous
keys, excluding the general factor, held up in this sample since the aver-
age Intercorrelation increased less than .01,

The cross-valldatlion of both sets of keys cn an external sample re-
sulted in conslderable shrinkage which may have tecn caused by criterion -
Instabillty, or by the capitalizalion on chence error in the first sample.
The cross-validity ccefiicients ranged from .17 to .30 for the empirical
‘keys and from .15 to .26 for the hcmogenedus keys. : =

On the basis of the statlstical and psychological comparisons made be-
tween the two sets of keys, the following conclusions arec drawn:

1, While few hcmogeneous key validities were significant, the
multiple correlations of the optimally welghted keys against each criterion
were highly significant, This was caused by the fact that the valid vari-
ance of the 1ndividuvwal keys was falrly specifile,
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2, The independent hemogencous keys accounted for most of the

valld variance in each multiple correlation; therefore, the hcmogeneous
key rescembling a gencral factor added negligibly to the multiple,

3. Both the empirical and homowseneous keys ylelded signii'icant
validities,
thod

L, A compuriscn of the validitles indica her weth

cf keying proved superior,

Y. Both s¢ty of keys showed significant sirinkages, with the
empirical keys showing significantly g¢reater shrinkage for all four cri-
teria than the hcmogeneous keys. This can bte explained by the greater cap-
1talization on chance error by the empirical methcd,

6. The hcmogeneous xeys were psychologically meaningful and the
empiricel keys were not, The former should therefore provide more clues
for criterion definition =and revision; however, the validities of this
study were of insufficient magnitudec to demonstrate this empirically.

On the basis of the above concliusions end within the limitations of
this study, it 1s recommended that where a heterogeneous test 1is being
keyed on strictly an empirical basils, the method should be evaluated in re-
lation to criterion improvement end understanding as well as prediction,
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